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ABSTRACT

Sugar-sweetened beverage (SSB) and artificially sweetened beverage (ASB) intakes have been reported to be associated with mortality; however,
conclusions have been inconsistent. This review synthesized the evidence on the associations of SSB and ASB intakes with mortality from all causes,
cardiovascular disease (CVD), and cancer among all populations (including general, diseased, or occupational populations, etc.). PubMed, EMBASE,
Web of Science, Cochrane Library, ProQuest, ClinicalTrials.gov, and the International Clinical Trials Registry Platform were searched up to March 2020.
Fifteen studies including 17 cohorts were included in meta-analyses. Each serving (12 fluid ounces or 355 mL) increase in daily SSB consumption
was associated with higher risks of all-cause (HR: 1.08; 95% CI: 1.04, 1.12; 11 cohorts with 965,851 participants) and CVD (HR: 1.08; 95% CI: 1.04, 1.12;
13 cohorts with 898,005 participants) mortality. The associations of ASB intakes with all-cause and CVD mortality were J-shaped, and HRs (95%
CI) across different doses (0, 1, 1.5, 2, and 2.5 servings/d) were 1.00, 1.01 (0.99, 1.03), 1.04 (1.02, 1.07), 1.08 (1.05, 1.11), and 1.13 (1.09, 1.18) for all-
cause mortality and 1.00, 1.01 (0.96, 1.07), 1.07 (1.01, 1.13), 1.15 (1.08, 1.23), and 1.25 (1.14, 1.37) for CVD mortality. No significant association was
found for cancer mortality. According to the NutriGrade scoring system, the quality of evidence on the associations of SSB intakes with all-cause
and CVD mortality was high, and the quality of evidence on other associations was low to moderate. In summary, higher SSB and ASB intakes
were associated with higher risks of all-cause mortality and CVD mortality. Given the limited evidence, future studies should further investigate the
association between ASB intakes and cause-specific mortality. Adv Nutr 2021;12:374–383.
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Introduction
Sugar-sweetened beverages (SSBs) include the complete
spectrum of soft drinks, fruit drinks, energy drinks,
and vitamin-water drinks containing added sugars (e.g.,
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high-fructose corn syrup, sucrose, and fruit juice con-
centrates) (1). Although consumption of SSBs has been
decreasing annually among US adults in the past 2 decades
(2), still half of US adults consume at least 1 serving of an SSB
on a given day (3). In addition, urbanization and beverage
marketing have prompted the increasing consumption of
SSBs in low- and middle-income countries (4). The health
hazards associated with higher intakes of SSBs have been
widely studied, and higher risks have been reported for
weight gain, type 2 diabetes, cardiovascular disease (CVD),
and other cardiometabolic diseases (5, 6). Additionally,
increasing evidence has suggested a positive association
between intakes of SSBs and all-cause mortality (7–13);
however, some studies found no significant associations
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(12–18). In addition, evidence for CVD mortality and
cancer mortality has been sparse and inconsistent (9–12,
18–21).

Artificially sweetened beverages (ASBs) have been viewed
as a replacement to reduce SSB intakes, provided that
substituting SSBs with ASBs might reduce energy intake
and body weight (22). However, the long-term health
impacts of ASBs remain unclear. Although some randomized
controlled trials found that low-calorie sweeteners might
facilitate weight reduction (23), some cohort studies im-
plied that higher ASB intakes might be associated with
higher risks of obesity, type 2 diabetes, and stroke (24–
27). Furthermore, emerging cohort studies investigated the
associations of ASB intakes with all-cause and cause-specific
mortality, but the results remain controversial (10, 11, 16, 17,
19, 28).

To comprehensively summarize the updated evidence on
the association of SSB and ASB intakes with all-cause and
cause-specific mortality, we conducted a systematic review
and dose–response meta-analysis of prospective cohort
studies.

Methods
We followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement (29). Two
of the authors (Y-BZ and Y-WJ) independently performed
study selection, data extraction, assessment of study quality,
and analysis, and divergences were solved by discussion or by
consulting a third author (AP).

Data sources and searches
We searched PubMed, EMBASE, Web of Science, Cochrane
Library, ProQuest, ClinicalTrials.gov, and the International
Clinical Trials Registry Platform through March 2019,
and we updated the search in March 2020. Supplemental
Table 1 shows the strategies used for each database. Briefly,
keywords and medical subject headings related to 1) ASB
OR SSB AND 2) mortality AND 3) prospective obser-
vational studies OR intervention studies were used. We
planned to include intervention studies; however, no eligible
intervention studies were identified. No language restric-
tion was applied. References of related studies were also
screened.

Study selection
The following studies were excluded: 1) unrelated to SSBs,
ASBs, or mortality; 2) not a prospective design; 3) not
from a peer-reviewed publication; 4) duplicate publications
or reporting from the same cohort (the one with shorter
follow-up duration would be excluded); and 5) not suffi-
cient data (i.e., unable to get or estimate HRs or median
SSB/ASB intakes across all groups). We did not select stud-
ies according to participants’ characteristics; thus, studies
conducted in certain occupational groups or patients could
be included. We did not include unpublished conference
abstracts, but we contacted the authors at least twice to

inquire whether the full text was accepted by peer-reviewed
journals.

Data extraction and assessment of study quality
Predesigned tables were used to extract information in-
cluding cohort name, baseline year, median/mean follow-
up duration, sex, age, race/ethnicity, mean BMI, health
status, mean SSB or ASB intakes, definition and acquisition
of SSB or ASB intakes, assessment of outcome, covariates
included in final models, rate of loss to follow-up, HR
with its CI, mean/median or range of intakes in each
category, and the number of participants and deaths in each
group.

The Newcastle-Ottawa scale was used to assess study
quality, which evaluated the representativeness of the ex-
posed cohort, the selection of the nonexposed cohort,
ascertainment of exposure, demonstration that the outcome
of interest was not present at the start of study, comparability
of cohort, assessment of outcome, whether the follow-up
was long enough for the outcome to occur, and adequacy of
follow-up of cohorts (details are reported in Supplemental
Table 2). A study would be viewed as high quality when it
received ≥6 points out of 9 points (30).

Data synthesis
A dose–response meta-analysis was conducted using the
Greenland and Longnecker method (31). In brief, the
analysis tested both the linear and nonlinear dose–response
associations between SSB or ASB intakes and mortality.
For linear associations, HRs associated with each serving
increase in daily SSB or ASB consumption were synthesized
by random-effects model. When a study did not report the
HR associated with each serving increase in daily SSB or
ASB consumption but reported the HRs comparing at least
3 groups, each group’s dose amount, the HR with its CI,
person-years or number of participants, and number of
deaths were used to estimate the HR associated with each
serving increase in daily SSB or ASB consumption. The mean,
median, or midpoint of each group was used as the dose
amount. If the dose range was open-ended, half of the range
of the adjacent group was used to estimate the midpoint (32).
For example, if a study reported HRs in group 1 (daily con-
suming 1–1.9 servings of SSBs) and group 2 (daily consuming
≥2 servings of SSBs) but did not report the mean or median
intakes of each group, then the midpoint in group 1 was
1.45 servings/d and the midpoint in group 2 was set at
2.45 servings/d (2 plus half of the range of group 1).
Consistent with most included studies, 1 serving of SSB or
ASB equaled 12 fluid ounces or 355 mL (10, 15, 17, 19,
28, 33). We also repeated the main analysis by using the
8-fluid-ounce (237-mL) serving, which was also commonly
used (18). Nonlinear dose–response relations were estimated
through restricted cubic splines (RCSs) using 3 knots at the
5th, 50th, and 95th percentiles of the distribution of SSB or
ASB intakes.

Heterogeneity across studies was assessed using I2 statis-
tics, with small values indicating less heterogeneity. It was
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suggested that I2 statistics of 0–25%, 25–50%, 50–75%,
and 75–100%, respectively, indicated modest, modest-to-
moderate, moderate-to-high, and high heterogeneity (34).
Prespecified subgroup analyses according to the studies’
characteristics (i.e., study location, median follow-up du-
ration, and whether mutually controlled for SSB and ASB
intakes) and participants’ characteristics (i.e., mean age,
sex, and median SSB or ASB intakes) were conducted to
explore sources of heterogeneity. P values for differences
between subgroups were tested by meta-regression. We
also conducted sensitivity analyses by respectively excluding
studies from cancer survivors, those of low quality, or
those not controlling for total energy intakes. All included
studies controlled for BMI in the analyses; thus, we could
not perform the sensitivity analysis with and without BMI
adjustment.

Funnel plots were depicted to detect publication bias
visually. Publication bias was also tested using Begg’s test,
Egger’s test, and Duval and Tweedie’s trim-and-fill method
(34). All analyses were performed by using STATA version
14 (StataCorp).

The NutriGrade scoring system was used to evaluate
the quality of our meta-analyses. This scoring system was
adapted from the Grading of Recommendations Assessment,
Development, and Evaluation and was more suitable for
nutrition research. The scoring system evaluated the risk of
bias, precision, heterogeneity, directness, publication bias,
funding bias, effect size, and dose–response for meta-
analyses of cohort studies (details are reported in Supple-
mental Table 3), and the meta-analysis would be viewed
as high-, moderate-, low-, or very-low-quality when it
received 8 to 10, 6 to <8, 4 to <6, or 0 to <4 points
(35).

Results
Study selection and characteristics
We identified 22,805 unique citations and excluded 22,785
citations after screening titles and abstracts. Five articles were
further excluded after full-text reading (reasons are shown in
Supplemental Table 4), and 17 cohorts from 15 studies were
included in the meta-analysis (Figure 1). The characteristics
of eligible studies are shown in Table 1. Twelve cohorts were
from the United States, 3 from Europe, and 2 from Asia.
Four cohorts recruited females only (10, 17, 19, 33), 3 cohorts
recruited males only (10, 33), and 10 cohorts (8, 9, 11, 13, 14,
15, 16, 18, 20, 21, 28) reported results in females and males
together [among which, 1 study also conducted subgroup
analysis according to sex (14)]. Most cohorts were conducted
among middle-aged or elderly participants (the mean age
ranged between 42.8 and 74.0 y), and most cohorts were
from generally healthy populations, except for the Cancer
and Leukemia Group B 89803, which was from patients with
stage III colon cancer (15, 28). The sample size ranged
between 1018 and 451,743, and the median follow-up
period ranged between 5.9 and 31.0 y. Food-frequency

questionnaires were used for data collection in most co-
horts, except for the UK Biobank where 24-h dietary
recalls (38%, 23%, 21%, and 18% of participants com-
pleted 1, 2, 3, and 4–5 dietary recalls) were applied (8).
The median daily SSB intakes among each cohort ranged
between 0.03 servings and 0.73 servings, and the me-
dian daily ASB intakes ranged between 0.04 servings and
0.45 servings. All analyses controlled for BMI in the models,
and only 2 analyses did not control for total energy intake
(16, 17). Only 3 studies mutually controlled for SSB and
ASB intakes (10, 11, 19). Twelve studies were of high quality
(Newcastle-Ottawa Scale score ≥6 points; Supplemental
Table 2).

Association between SSB intakes and mortality
The P values for nonlinearity between SSB intakes and
mortality outcomes were all nonsignificant (P ≥ 0.42;
Figure 2), indicating linear relations between SSB intakes and
mortality. Figure 3 shows that each serving increase in daily
SSB consumption was associated with a higher risk of all-
cause mortality (HR: 1.08; 95% CI: 1.04, 1.12; I2 = 70.5%;
11 cohorts with 965,851 participants and 114,935 deaths) and
CVD mortality (HR: 1.08; 95% CI: 1.04, 1.12; I2 = 16.4%;
13 cohorts with 898,005 participants and 24,365 deaths). No
significant association was found between SSB intakes and
cancer mortality.

Subgroup analyses found no evidence of the different
associations between SSB intakes and all-cause or cause-
specific mortality among different subgroups (Supplemental
Figure 1); however, the association between SSB intakes and
all-cause or CVD mortality was not statistically significant
among participants from Asia, female participants, and
populations with generally low SSB intakes. Study location
and follow-up duration might partially explain the het-
erogeneity of studies investigating the association between
SSB intakes and all-cause mortality. The results remained
consistent after excluding low-quality studies, studies in
cancer survivors, or studies not controlling for total energy
intakes. In addition, the HR (95% CI) associated with each
8-fluid-ounce/d increase in SSB intakes was 1.05 (1.02, 1.08)
for all-cause mortality or CVD mortality (Supplemental
Figure 2).

Funnel plots, Begg’s test, and Egger’s test indicated a
small possibility of publication bias (Supplemental Table 5,
Supplemental Figure 3). According to the NutriGrade
scoring system, the quality of evidence on the associations of
SSB intakes with all-cause and CVD mortality was high and
the quality of evidence on the association of SSB intakes with
cancer mortality was low (Supplemental Table 3).

Association between ASB intakes and mortality
The associations of ASB intakes with all-cause mortality
and CVD mortality were J-shaped (P values for nonlinearity
≤0.024), and according to the results of RCSs, HRs (95% CIs)
across different doses (0, 1, 1.5, 2, and 2.5 servings/d) were
1.00, 1.01 (0.99, 1.03), 1.04 (1.02, 1.07), 1.08 (1.05, 1.11), and
1.13 (1.09, 1.18) for all-cause mortality and 1.00, 1.01 (0.96,
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39,686 articles identified through database searches
3626 PubMed
9153 EMBASE
8300 Web of Science
1814 Cochrane library

15,972 ProQuest
534 ClinicalTrials.gov
287 International Clinical Trials Registry Platform

22,805 titles and abstracts screened

16,881 duplicates removed

20 full-text articles screened

15 studies included in analyses
10 studies with 11 cohorts for SSB with all-cause mortality
10 studies with 13 cohorts for SSB with CVD mortality
4 studies with 5 cohorts for SSB with cancer mortality
6 studies with 7 cohorts for ASB with all-cause mortality
3 studies with 4 cohorts for ASB with CVD mortality
2 studies with 3 cohorts for ASB with cancer mortality

22,785 excluded
22,639 unrelated to SSB/ASB or mortality

130 not original prospective studies
8 not from a peer-review publication
8 duplicate publications

5 excluded
3 reporting statistics other than hazard ratio
2 not providing the range or median of the intake for each category

FIGURE 1 Flow chart of the study selection. ASB, artificially sweetened beverage; CVD, cardiovascular disease; SSB, sugar-sweetened
beverage.

1.07), 1.07 (1.01, 1.13), 1.15 (1.08, 1.23), and 1.25 (1.14, 1.37)
for CVD mortality (Figure 2). No significant association was
found for cancer mortality.

Associations were largely consistent among subgroups
(Supplemental Figure 4). The results also remained con-
sistent after excluding low-quality studies, studies in cancer
survivors, or studies not controlling for total energy intakes.
When using the 8-fluid-ounce serving, the associations
between ASB intakes and mortality were comparable to
those when using the 12-fluid-ounce serving (Supplemental
Figure 2).

Begg’s test and Egger’s test indicated a small possibility of
publication bias; however, funnel plots seemed asymmetrical
(Supplemental Table 4, Supplemental Figure 3). According

to the NutriGrade scoring system, the quality of evidence
on the association between ASB intakes and CVD mortality
was moderate and the quality of evidence on the associations
of ASB intakes with all-cause and cancer mortality was low
(Supplemental Table 3).

Discussion
Our systematic review and meta-analysis found that each
serving increase in daily SSB consumption was associated
with an 8% higher risk of all-cause mortality or CVD
mortality. The associations of ASB intakes with all-cause
and CVD mortality were J-shaped, and compared with
nonconsumers, those who daily consumed 1.5 or 2 servings
of ASBs were associated with a 4% or 8% higher risk of
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FIGURE 2 Nonlinear dose–response relations of SSB (A–C) and ASB (D–F) intakes with all-cause (A, D), CVD (B, E), and cancer (C, F)
mortality in adults. The x axes show the intakes of beverages (12-fluid-ounce or 355-mL servings/d), and the y axes show the HRs for
mortality risk where the reference level was the nonconsumer. The solid curves show HRs compared with the reference levels from
nonlinear dose–response meta-analyses, and the gray zones show 95% CIs of HRs. Restricted cubic spline functions were estimated with
3 knots located at the 5th, 50th, and 95th percentiles of daily SSB or ASB intakes. ASB, artificially sweetened beverage; CVD, cardiovascular
disease; SSB, sugar-sweetened beverage.

all-cause mortality and a 7% or 15% higher risk of CVD
mortality. No significant associations were found for cancer
mortality.

The current evidence on the association between SSB in-
takes and all-cause mortality was largely consistent; however,
most studies observed a nonsignificant positive association
between SSB intakes and CVD mortality (reported P values
for trend ranged between 0.074 and 0.54, except for the
Nurses’ Health Study, Health Professionals Follow-Up Study,
and NHANES III) due to small sample sizes (particularly
the limited number of CVD deaths). A recent meta-analysis
of 8 cohort studies also found that each 250-mL increase
in SSB intakes was associated with a 4% higher risk of all-
cause mortality (36). However, the study failed to include
analyses from the UK Biobank (8), Cancer and Leukemia
Group B 89803 (15), and the Women’s Health Initiative
(19). Instead, the study included an analysis from a Chinese
elderly population, which actually investigated the associ-
ation between dietary added sugar and all-cause mortality
(37), and the study simultaneously included the analyses
from the European Prospective Investigation into Cancer and
Nutrition (11) and the Malmö Diet and Cancer Study (13),
although the latter study is a subset of the former one. These
issues resulted in a relatively weaker association between
SSB intakes and all-cause mortality even compared with our
analysis when using the 8-fluid-ounce serving. Additionally,
among the studies included in our meta-analysis, 2 Asian

studies in Chinese populations found nonsignificant inverse
associations of SSB intakes with all-cause and CVD mortality
(P values for trend ranged between 0.074 and 0.54) (18,
20), which might be due to residual confounding. In these
2 studies, participants consuming SSBs were more likely
to be well educated, indicating that SSB consumers were
more likely to be of advantageous socioeconomic status.
Although educational attainment and income levels were
controlled, residual confounding from other socioeconomic
factors (such as occupation) was possible. In addition,
participants from the Hong Kong study (20) were aged
>65 y, and consuming SSBs in the elderly might be associated
with better appetite and health status. In addition, the
consumption levels in these 2 studies were very low [the
median daily SSB intakes in the Singapore Chinese Health
Study (18) and the study from Hong Kong (20) were 0.06
and 0.18 servings, respectively] compared with the studies
in Western populations (the median daily SSB intakes were
>0.27 servings in most studies).

The mechanisms whereby higher SSB intakes were related
to increased risks of all-cause and CVD mortality are well
grounded. As a beverage with high energy, moderate-to-high
glycemic index value, and inefficiency in increasing satiety,
higher SSB intakes contribute to excessive weight gain,
insulin resistance, inflammation, and atherogenic dyslipi-
demia (6). Previous meta-analyses also found each additional
serving/day of SSBs was associated with a 13% higher risk
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FIGURE 3 Forest plot of the linear dose–response meta-analysis of the association between intakes of sugar-sweetened beverages and
mortality in adults. The black circles and horizontal lines indicate HRs and 95% CIs of the mortality associated with each 12-fluid-ounce or
355-mL serving increase in daily sugar-sweetened beverages in original articles. The rhombuses indicate pooled HRs and 95% CIs. The left
arrow indicates that the lower bound of the CI of the HR is out of the lower bound of the x axis (i.e., 0.50). CVD, cardiovascular disease.

of type 2 diabetes and a 16% higher risk of coronary artery
disease (24, 38).

The evidence regarding the association between SSB
intakes and cancer mortality is sparse. Five cohorts were in-
cluded in our meta-analysis and the pooled results indicated

no significant association. Three out of 5 cohorts found a
null association (9, 11, 18); however, the other 2 cohorts (the
Nurses’ Health Study and the Health Professionals Follow-Up
Study) found each serving increase in daily SSB consumption
was associated with a 5% higher risk of cancer mortality (10).
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When it comes to site-specific cancer mortality, SSB intakes
were only associated with a higher risk of breast cancer
mortality (10). Further studies are needed to investigate the
relations with morbidity and mortality of site-specific cancer,
rather than just a combination of all types of cancer.

There is limited evidence on the association between ASB
intakes and mortality. Our meta-analysis included 7 cohorts
and found a J-shaped association between ASB intakes and
all-cause or CVD mortality, which was also observed in most
original studies (8, 10, 11, 16, 17). Of note, participants
in the highest levels of ASB intake were more likely to be
overweight/obese, hypertensive, and hypercholesterolemic
in most studies (8, 10, 11, 17, 28), and thus reverse causation
was possible. However, all analyses adjusted for BMI, and
some studies performed sensitivity analyses by excluding
deaths that occurred during the first 2 to 8 y of follow-up and
found the associations were attenuated but still significant
(8, 10, 11, 17), indicating the significant association between
ASB intakes and all-cause or CVD mortality could not simply
be explained by reverse causation. A recent meta-analysis in-
cluded 4 cohort studies and also found a J-shaped association
between ASB intakes and all-cause mortality (36). However,
the study mainly reported the results from their linear dose–
response meta-analysis and failed to give HRs associated with
different levels of ASB intake. Our analysis showed that daily
consumption of 1.5, 2, and 2.5 servings of ASBs was associ-
ated with 4%, 8%, and 13% higher risks of all-cause mortality,
providing quantitative evidence for dietary guidelines.

The health effects of ASBs are intensely discussed. Meta-
analyses of randomized controlled trials found that low-
calorie sweeteners modestly but significantly reduced body
weight, BMI, fat mass, and waist circumference (23), but
had no effects on blood glucose and blood lipids compared
with saccharides (39). No clinical trial is currently available
to investigate the long-term effects of low-calorie sweeteners
on cardiometabolic diseases, while some meta-analyses of
cohort studies found that low-calorie sweetener or ASB
intakes were associated with slightly higher risks of diabetes
and CVD (24, 25). Although biological mechanisms remain
inconclusive, some studies indicated detrimental effects of
low-calorie sweeteners on the regulatory mechanisms of
appetite and satiety, release of gastrointestinal hormones,
gastric motility, and balance and diversity of gut microbiota,
which may further increase energy intake and disrupt blood
glucose homeostasis (40). Taken together, ASBs might be
optional alternatives for SSBs only when they are consumed
in small quantities for weight management, and the long-
term adverse associations of high amounts of ASBs with car-
diometabolic diseases and mortality should be considered.

This is the largest systematic review and meta-analysis
summarizing up-to-date evidence of the associations of SSB
and ASB intakes with mortality, which also summarizes the
evidence of the associations of SSB and ASB intakes with
cause-specific mortality for the first time. The results of
our dose–response meta-analyses could provide important
evidence for policymaking and dietary guidelines. In addi-
tion, the quality of evidence on the association between SSB

intakes and all-cause or CVD mortality was high. However,
several limitations should be acknowledged. First, there
might be the possibility of publication bias in the analysis
of the association between ASB intakes and mortality.
Second, except for the analysis of the association between
SSB intakes and all-cause or CVD mortality, other analyses
only included limited studies and were of low-to-moderate
quality. Thus, the results should be interpreted cautiously,
and more studies are warranted. Third, there was moderate
or high heterogeneity in some analyses, which could result
from different populations and definitions of SSBs or ASBs.
In addition, most studies did not consider sweetened dairy
beverages or dairy alternatives, powdered beverages, and
beverages with sweeteners added by consumers; thus, future
studies should comprehensively and reasonably evaluate
sweetened beverages (41).

In conclusion, higher SSB intakes were associated with
higher risks of all-cause mortality and CVD mortality, while
the association between ASB intakes and all-cause or CVD
mortality was J-shaped. Based on current evidence, SSB
intakes should be avoided, and if ASBs are considered as
optional alternatives for SSBs, they should be consumed in
small quantities (i.e., <1.5 servings/d). Nevertheless, further
high-quality studies are still warranted, particularly on the
long-term impact of ASB intakes, because of limited studies
and low-to-moderate quality of the current evidence.
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